Abstract Vibrio sp. V26 isolated from mangrove sediment showed 98 % similarity to 16S rRNA gene of Vibrio cholerae, V. mimicus, V. albensis and uncultured clones of Vibrio. Phenotypically also it resembled both V. cholerae and V. mimicus. Serogrouping, virulence associated gene profiling, hydrophobicity, and adherence pattern clearly pointed towards the non-toxigenic nature of Vibrio sp. V26. Purification and characterization of the enzyme revealed that it was moderately thermoactive, nonhemagglutinating alkaline metalloprotease with a molecular mass of 32 kDa. The application of alkaline protease from Vibrio sp. V26 (APV26) in sub culturing cell lines (HEp-2, HeLa and RTG-2) and dissociation of animal tissue (chick embryo) for primary cell culture were investigated. The time required for dissociation of cells as well as the viable cell yield obtained by while administering APV26 and trypsin were compared. Investigations revealed that the alkaline protease of Vibrio sp. V26 has the potential to be used in animal cell culture for subculturing cell lines and dissociation of animal tissue for the development of primary cell cultures, which has not been reported earlier among metalloproteases of Vibrios.
Introduction
Protease constitutes one of the most important groups of industrial enzymes, accounting for more than 65 % of the total (Johnvesly and Naik 2001) . One of the fields, where proteases find application is in animal cell culture. The use of trypsin to detach growing cells from plasma clots was first introduced by Rous and Jones 1916, a method that preceded the use of proteolytic enzymes for preparing separated cells from tissue fragments for primary cell culture. Trypsin has since remained a popular agent for primary dissociation of tissues for detaching cells from monolayers for subsequent passaging. Lee et al. (1986) described the application of fig tree extracts in the subculture of monolayers of fish cell lines. The use of enzymes such as pancreatin, elastase (Rinaldini 1958) and accutase (Bajpai et al. 2008) in tissue culture has also been investigated. As the above are of animal origin, their sources are restricted and they turn out to be expensive as well. Trypsin's use is often limited by its narrow range of pH for action. Meanwhile collagenase (Hilfer 1973) , pronase (Foley and Aftonomos 1970) , dispase (Kitano and Okada 1983) and TrypLE TM Express a recombinant fungal trypsin-like protease (Nestler et al. 2004 ) are the microbial enzymes that have application in cell culture. Each of these enzymes has its own limitations, as collagenase acts only on tissues containing collagen, while Pronase, with regard to its completeness of dispersion of certain continuous epithelial cell lines is inferior to trypsin (Foley and Aftonomos 1970) . In this context we report, a novel alkaline metallo-protease from a non-pathogenic mangrove isolate of Vibrio sp. V26 possessing dissociating properties on animal cell culture monolayers and on animal tissues with low toxicity. An added advantage of the enzyme is that it is devoid of the limitations of the other enzymes meant for the purpose. This is the first report of the application of a metalloprotease from Vibrio for animal cell culture.
Materials and methods

Microorganism
The organism used in this study was Vibrio sp. V26 isolated from mangrove sediments of Puduvyppu, Cochin, Kerala, India and maintained in the Microbiology Laboratory of the Department of Marine Biology, Microbiology and Biochemistry, Cochin University of Science and Technology (CUSAT) (Venugopal 2004) .
Identification
Phenotypic characterization of the isolate was done as per the standard keys (Alsina and Blanch 1994; Farmer and Janda 2005) .
Molecular identification
Total genomic DNA extraction was carried out following the method of Lee et al. (2003a) with slight modification. Identity of the above isolate was ascertained by sequencing a 1500 bp fragment of the 16S rRNA gene using the primers NP1F 5 0 -GAGTTTG ATCCTGGCTCA-3 0 and NP1R 5 0 -ACGGCTAC CTTGTTACGACTT-3 0 (Reddy et al. 2000) . Bacterial DNA (50 ng) amplification was carried out in a thermal cycler (Master Cycler, Eppendorf, Hamburg/D) which involved 1 9 95°C for 5 min followed by 35 9 (94°C for 20 s, 58°C for 20 s, 72°C for 90 s) and finally 1 9 72°C for 10 min. The amplified product was separated on 1 % agarose gel, purified using QIAEX II gel purification kit (Qiagen, New Delhi, India) and sequenced using the primer walking service of Microsynth AG, Balgach, Switzerland. All sequences obtained were matched with the database in Genbank using the BLAST algorithm (Altschul et al. 1990) . Nucleotide sequence has been submitted to the Genbank data base and assigned the accession no: FJ665509.
Serogrouping
Serogrouping was done using Vibrio cholerae O1 polyvalent antisera as per manufacturer's protocol (Murex Diagnostics Limited, Darford, UK).
Putative virulence traits
Virulence genes
Virulence-associated factors such as cholera toxin (ctxA), outer membrane protein (ompU), zonula occludens toxin (zot), toxin-coregulated pilus (tcpA), ToxR regulatory protein (toxR) and hemolysin (hlyA) were investigated in the isolate Vibrio sp. V26. The primers (Table 1) synthesized by Bioserve Biotechnologies, Hyderabad, India were employed for both multiplex PCR for hlyA and tcpA (classical and E1Tor) and simple PCR for ctx A, ompU, zot and toxR based on the works of Fields et al. (1992) and Rivera et al. (2001) .
The PCR was carried out in 0.2 ml PCR tubes, using 25 ll reaction mixture consisting of 2.5 ll 109 Thermopol buffer (New England Biolabs, Ipswich, MA, USA-Standard buffer), 2 ll (250 lM) each of dATP, dCTP, dGTP and dTTP), 2 ll (10 lM) primer, 1.5 ll template (50 ng/ll) and 1 ll Taq DNA Polymerase (0.5 U, New England Biolabs) and Milli Q (to a final volume of 25 ll). The amplification was carried out in a thermal cycler (Master Cycler, Eppendorf) which involved 1 9 95°C for 5 min followed by 30 9 (95°C for 1 min, 60°C for 1 min, 72°C for 1 min) and final incubation at 72°C for 10 min. The amplified products were separated on 1 % agarose gel and stained with ethidium bromide. The DNA from V. cholerae MTCC 3906 was used as the positive control, and the reaction mixture containing Milli Q was used as negative control.
Hydrophobicity
Cell surface hydrophobicity of the organism was evaluated using the bacterial adhesion to hydrocarbons test (BATH) (Rosenberg et al. 1980 ) and salt aggregation test (SAT) (Lindahl et al. 1981) .
Adherence assay
The isolate was examined for their adherence to HEp-2 cells following the method of Snoussi et al. (2008) with slight modifications. The adherence patterns were examined using an inverted phase contrast microscope (Leica DMIL, Wetzlar, Germany). 
Purification of the enzyme
Protease production was carried out in nutrient broth supplemented with gelatin. The cell free supernatant was recovered by centrifugation (8,000g, 4°C, 15 min). The partial purification of the enzyme was carried out by precipitation of the crude enzyme with ammonium sulphate between 40 and 80 % saturation. The precipitate obtained was collected by centrifugation (8,000g, 4°C, 15 min) and dissolved in minimum quantity of Tris-Cl buffer (pH 8.5). This preparation was treated as partially purified enzyme which was diafiltered using an Amicon UF Stirred Cell (Model 8010) with 10 kDa cut-off membrane against Tris-Cl buffer (pH 8.5). The enzyme was then loaded onto a DEAE cellulose column (C 10/20 column, AKTA prime, Amersham, Chennai, India) pre-equilibrated with the 20 mM Tris-Cl buffer pH 8.5. The column was washed with the same buffer to remove the unbound proteins. The bound protein was then eluted by applying a linear gradient of 0-0.8 M NaCl in the same buffer at flow rate of 0.5 ml/min and monitored Cytotechnology (2013) 65:199-212 201 at 280 nm. The peak protein fractions were analyzed for protease activity. The active fractions were pooled and used for further studies.
Assay of protease activity and protein determination Protease activity was measured by the modified method of Kembhavi et al. (1993) using casein as substrate. An aliquot of 500 ll of suitably diluted enzyme was added to 500 ll of casein (1 %) prepared in 100 mM Tris-Cl buffer (pH 9) and incubated at 60°C for 30 min. The reaction was stopped by the addition of 500 ll of 20 % tricholoroacetic acid (TCA). The mixture was allowed to stand for 15 min at room temperature and then centrifuged at 8,000g for 15 min. Suitable controls were placed. The absorbance of the supernatant was measured at 280 nm spectrophotometrically. One unit of protease activity is defined as the amount of enzyme required to liberate 1 lg tyrosine per millilitre per minute under the standard assay conditions. Protein content was measured by the method of Hartree-Lowry (1972) with bovine serum albumin (BSA) as the standard. Meanwhile, for cell culture application the assays were done at pH 7 and temperature at 37°C.
Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS PAGE)
SDS-PAGE was carried out for determination of molecular mass of the protease in a 10 % resolving gel and a 4 % stacking gel according to the method of Laemmli (1970) . Electrophoresis was carried out at a constant current of 12 mA. Broad range molecular marker (Bangalore Genei, Bangalore, India) was used as standard. After electrophoresis, gels were stained with 0.025 % Coomassie Brilliant Blue R-250 and then destained with a solution containing 5 % methanol and 7 % acetic acid.
Effect of pH on enzyme activity and stability
The effect of pH on protease activity was evaluated over a pH range 7-12, using different buffers such as Sodium phosphate 0.1 M (pH 7), 0.1 M Tris-Cl (pH 8-9) and 0.1 M Glycine NaOH (pH 11-12) in the reaction mixture. The activity of the sample was expressed in terms of relative activity calculated. Stability of the enzyme at various pH was studied by pre-incubating the enzyme in buffers of different pH (7-12) for 1 h and the residual enzyme activity (%) was measured. The percentage residual activity was calculated by comparing the activity of treated enzyme with that of the untreated enzyme (control), taken as 100 %.
Effect of temperature on the enzyme activity and stability
The effect of temperature on the enzyme activity was assessed by carrying out the assay at different temperatures (30-80°C). The temperature stability of the enzyme was determined by pre-incubating the enzyme at temperatures (30-80°C) for an hour and then assaying the residual activity (%) under standard assay conditions. The activity of untreated enzyme (control) was taken as 100 %.
Effect of metal ions and inhibitors on enzyme activity
The influence of various metal ions on the purified enzyme was investigated by incubating the enzyme in their presence (ZnCl 2 , CaCl 2 , MgCl 2 , MnCl 2 , PbCl 2 , CoCl 2 , HgCl 2 , BaCl 2 , and CuSO 4 ) at final concentration of 1 mM and 5 mM at 60°C for 30 min. The percentage relative activity was calculated by considering the activity of the enzyme in the absence of metal ions as 100 %. To study the effect of different protease inhibitors on the purified enzyme, aliquots of enzymes were preincubated with the different enzyme inhibitors such as phenylmethylsulphonyl fluoride (PMSF) (5 mM), iodo acetic acid (IAA) (1 mM), ethylene-diamine tetraacetic acid (EDTA) (5 mM) and 1, 10 phenanthroline (5 mM) for 30 min at room temperature. Residual activities (%) were measured. Suitable controls were placed (without inhibitors).
Hemagglutination assay
The hemagglutinating activity was assayed using human (O type) and chick erythrocytes. The cells were washed twice in Alsever's solution (dextrose 2.05 g, sodium citrate 0.8 g, sodium chloride 0.42 g, citric acid 0.05 g in 100 ml distilled water) and resuspended in fresh 5 % (v/v) solution. Two fold serial dilutions of the purified alkaline protease in Alsever's solution were made in round-bottomed microtitre plates, and aliquots of equal volume (25 ll) of 5 % (v/v) suspension of erythrocytes were added and mixed. After 45 min of incubation at room temperature (28 ± 2°C) the extent of agglutination was examined and reported in terms of hemagglutination titre, the highest dilution at which agglutination was visible.
Application in animal cell culture
Cell lines and tissues used
HEp-2 (Human larynx epithelial cells), HeLa (Human cervical carcinoma) and RTG-2 (gonadal cell line derived from Rainbow trout (Oncorhynchus mykiss)) cell lines were used in the investigation. Cell lines were maintained in Eagles MEM along with 2 mM glutamine, 1.5 g/l sodium bicarbonate and 10 % FBS. HEp-2 and HeLa cells were maintained at 37°C while RTG-2 cells were grown at 25°C. Nine day old chick embryos were used for the development of chick embryo fibroblastic primary cell culture. The methods followed for the application of the enzyme in cell cultures and their maintenance was as per the standard protocols described by Freshney (2000) .
Enzymes for cell culture
Alkaline protease of Vibrio sp. V26 (APV26): The cell free supernatant was precipitated with ammonium sulphate (40-80 %) and dissolved in minimum amounts of Tris-Cl buffer (pH 8.5). This was then diafiltered and concentrated using Amicon UF stirred cell (Model 8010) with 10 kDa cut off membrane. The concentrated enzyme was lyophilized and dissolved in phosphate buffered saline (pH 7.2). This was treated as alkaline protease stock. The stock was suitably diluted with PBS to get the desired enzyme concentrations (400, 300, 200, 100 and 50 U at 37°C).
Trypsin from Sigma Aldritch Inc., was used as the control for comparison. Aliquot of 0.025 % trypsin was found to have an activity of *400 U. From this stock further dilution were made to obtain 300, 200, 100 and 50 U working trypsin concentrations.
Dissociation of monolayer
The cells were seeded into 24 well plates at a density of 1 9 10 5 cells ml -1 . The plates were incubated till confluent monolayers were established. Different concentrations of APV26 were tested on the cell lines in-order to determine an ideal concentration of the enzyme for cell dissociation. Cells were treated with each of these concentrations (400, 300, 200, 100 and 50 U) until they dissociated/detached from the wells. Time required for detachment was noted at each concentration. For a comparative study the same was done using trypsin as well. Cells were then washed to stop the action of the enzyme and the viable count noted at each concentration of APV26 and trypsin.
Primary cell culture
A 9 days old chick embryo was carefully dissected to remove head, appendages and viscera retaining the body alone. The body was cut into two parts using a sterile scalpel. Each half was further minced into smaller pieces. One half (*100 mg) of the cut pieces was transferred into a tube containing 1 ml (200 U) of APV26 and the other half to the same quantity of trypsin (0.025 %). Tubes were incubated at 37°C until the tissue pieces were fully dissociated. The suspension was allowed to stand for 1 min at 4°C for the sedimentation of un-dissociated smaller tissue pieces. The supernatant of cell suspension was carefully transferred to another test tube and centrifuged for 10 min at 200 g at 4°C.
The supernatant was discarded and deposited cells resuspended in fresh medium. Viable counts were made by trypan blue exclusion method and the number adjusted and seeded into cell culture bottles, incubated at 37°C in 5 % CO 2 atmosphere.
Viable count-trypan blue dye exclusion method
Cell suspensions obtained after enzyme treatment (APV26 and trypsin) were centrifuged and re-suspended in fresh medium. This was then mixed with an equal volume of trypan blue (0.4 %) prepared in PBS having the same osmolarity of the medium. The sample was loaded into a counting chamber (Improved Neubauer) and viable and dead cells were counted, as the dead cells absorbed the stain and the live ones remained unstained.
Results
Identification of the isolate
The isolate V26 was identified as Vibrio based on the phenotypic characters. To confirm the identity at species level, the 1,500 bp fragment of 16S rRNA gene was amplified and partially sequenced. This nucleotide sequence has been submitted to the GenBank database and assigned the Accession no: FJ665509. When the sequence of this strain was compared with the GenBank database using the BLAST algorithm, 98 % similarity (98 % query coverage) was obtained to 16S rRNA gene of Vibrio cholerae, V. mimicus, V. albensis and certain uncultured Vibrio clones.
Serogrouping
No agglutination was observed with Vibrio cholerae O1 polyvalent antisera. This revealed that the isolate Vibrio sp. V26 did not belong to the O1 serogroup.
Putative virulence traits
Pathogenicity is contributed by a combination of virulence associated factors. Therefore determination of the virulence associated gene profile, hydrophobicity and adherence pattern of Vibrio sp. V26 were undertaken.
Virulence genes
The virulence profiles (Fig. 1) 
Adherence and Hydrophobicity
Vibrio sp. V26 exhibited weak adherence to the HEp-2 cell lines as the number of adhering bacteria were only 10-20 per cell. Moreover, the pattern of adherence was of the diffuse type. On assessing hydrophobicity by SAT assay no bacterial aggregation could be observed in the range of 0.05-4.0 mol l -1 ammonium sulphate, and by BATH assay the adherence value to xylene was 14.04 %, pointing to the lack of surface hydrophobicity.
Purification and characterization
Protease purification was successfully achieved to homogeneity, as evidenced by a single band corresponding to 32 kDa on SDS-PAGE (Fig. 2) .
The purified enzyme was active in the pH range of 6.0-11.0, with an optimum at pH 9 Fig. 3 . The highest residual activity was also found at the same pH (Fig. 3) indicating the enzyme is an alkaline protease. Fig. 1 Analysis of PCR products of virulence genes. Lane M1 10 kb DNA ladder; lane M2 100 bp DNA ladder; lanes: 1, 3, 5, 7 and 11 V. cholerae MTCC 3906; lanes 2, 4, 6, 8, 10 and 12 Vibrio V26; lanes: 1-6, 9-10 simple PCR for ctxA, ompU, zot and toxR; lane 9 toxR negative control; lanes: 7, 8, 11 and 12 amplicons obtained using multiplex PCR for tcpA hlyA
The alkaline protease of Vibrio sp. V26 was active at a range of temperatures (30-80°C) tested, with maximum recorded at 60°C, qualifying it to be designated as a moderately thermo-active protease. A sharp decline in activity at temperatures above 60°C was noted. The enzyme's temperature stability profile (Fig. 4) revealed a great deal of stability in the temperature range 30-50°C. However the protease was found to be unstable at its optimal temperature on prolonged exposure.
Results of the effects of metal ions on the activity of the protease are presented in Fig. 4 Effect of temperature on the activity and stability of the protease form Vibrio sp. V26
Cytotechnology (2013) 65: 199-212 205 metal ions at 5 mM concentration were found to have a negative influence on the activity. The inhibitory studies conducted with EDTA (5 mM), 1, 10 phenanthroline (5 mM), PMSF (5 mM) and IAA (1 mM) indicated the enzyme as zinc-metallo protease (Table 2) . Neither the ammonium sulphate fraction nor the purified enzyme was able to agglutinate human (O blood group) and chick RBCs.
Application in animal cell culture
Cell dissociation and primary cell culture development APV26 was effective in dissociating the monolayers of the three cell lines tested (HeLa, HEp-2 and RTG2) as presented in Fig. 5 . It was also found to disperse cells from chick embryonic tissue effectively at 37°C. The dispersed cells when seeded into tissue culture bottles were seen to attach with in about 2 h and grow as confluent mono layers (Fig. 6) .
With the increase in the concentration of APV26 the time required for cell dissociation was found to have decreased (Table 3) . HeLa required the longest enzyme exposure to get dissociated by both APV26 and Trypsin. Two-way ANOVA indicated that the time required by APV26 for the detachment of the cell lines except RTG-2 was significantly (p \ 0.01) lower than that of trypsin, but independent of the concentration.
The viable cell yield obtained by administering APV26 and trypsin was compared (Fig. 7) . With APV26, it was 94 % for HeLa, 96 for HEp-2 and 100 for RTG-2. Meanwhile, with trypsin it was 89, 95 and 97 %. The overall average yield of cells by administering APV26 was 96.7 % and with that of trypsin 93.8 %. Two-way ANOVA indicated that there was no significant (p [ 0.05) effect of concentration with in the range 50-400 units of both enzymes on the viable cell yield. However, a better viable cell yield was obtained when APV26 was applied on RTG-2. Accordingly, it could be concluded that viable cell yield obtained using APV26 was comparable to that of trypsin.
Discussion
Supplementing the phenotypic characteristics of the isolate, 16S rRNA gene sequencing was employed to identify it to species (Thompson et al. 2004) . Results of the 16S rRNA gene partial sequence analysis confirmed that the isolate belonged to the Genus Vibrio exhibiting 98 % similarity to V. cholerae, V. mimicus, V. albensis and uncultured Vibrio clones. Kita-Tsukamoto et al. (1993) pointed out based on their study on 16S rRNA gene sequences of Vibrionaceae that at least 99.3 % 16S rRNA gene similarity must be obtained for the organism to be designated to a particular species. Accordingly, in this study, only 98 % similarity could be obtained, and that too with more than one species and therefore confirmation of the precise identity of the isolate to species could not be accomplished. V. cholerae, V. albensis and V. mimicus share a great degree of similarity with regard to their nucleotide sequences and putative virulence traits (Davis et al. 1981; Ruimy et al. 1994) . Moreover, distribution of V. cholerae virulence genes among other species of vibrios has also been reported (Sechi et al. 2000) . Therefore a protocol for analysis of putative virulence traits was designed and executed based on those of V. cholerae. However, prior to examining the virulent traits serological grouping of the isolate was carried out.
Serogrouping revealed that the isolate did not belong to O1 serogroup suggesting its environmental origin. Saravanan et al. (2007) observed that majority of V. cholerae present in sea food and its environment in Mangalore, India are of non-O1 serogroup, which is an autochthonous microflora of aquatic environment and their presence is not related to fecal contamination.
The isolate Vibrio sp. V26 was found to lack the genes ctxA and zot involved in toxin production as observed among several environmental Vibrio isolates (Iyer et al. 2000; Sechi et al. 2000; Karunasagar et al. 2003; Bag et al. 2008 ). The absence of toxin genes (Fig. 1) in Vibrio sp. V26 indicated its non-pathogenic nature (Levine et al. 1982) . It also lacked the tcpA gene, the absence of which gained significance in the light that TCP was the only colonizing factor of V. cholerae whose importance in human disease had been proven (Kaper et al. 1995) and that it also acted as receptor for the phage CTXU (Levin and Tauxe 1996) . Karunasagar et al. (2003) in their study too have stated that any strain of V. cholerae lacking ctxA, zot and tcpA is less likely to be toxigenic.
However, Vibrio sp. V26 was positive for hlyA (both 481 bp and 738 bp amplified fragments), ompU and toxR. Such a dual amplification fragment pattern in the case of hly A has been reported among E1 Tor biotypes and even among non-toxigenic V. cholerae O1 and V. cholerae O139 strains (Rivera et al. 2001) . Hemolysin genes are found in both pathogenic and non pathogenic (O1, O139 and non O1/non O139) isolates of V. cholerae. Levine et al. (1988) in their study showed that cytolysin/hemolysin was not the probable cause of diarrhea and the isolate Vibrio sp. V26 by being positive for hlyA gene could not be considered pathogenic. Investigations made by Nakasone and Iwanaga (1998) on the outer membrane protein OmpU suggested that it was not involved in adhesion of V. cholerae to the intestinal epithelium and that the ompU gene product had more of a physiological role (Provenzano et al. 2001; Rivera et al. 2001; Mathur and Waldor 2004) . Vibrio sp. V26 was positive for toxR, consistent with the previous studies (Ghosh et al. 1997; Rivera et al. 2001) where Cytotechnology (2013) 65:199-212 207 toxR was detected in all isolates of V. cholerae. In nonpathogenic strains, the ToxR protein (''master switch'') controls only the biosynthesis of the outer membrane proteins OmpU and OmpT unlike pathogenic strains where it is involved in the regulation of ctxA, TCP colonizing factor, ompU and at least 17 other distinct genes (Miller et al. 1987; Peterson and Mekalanos 1988; Drita 1992; Smirnova et al. 2007 ).
As Vibrio sp. V26 is devoid of ctxA and tcpA the presence of toxR alone is unlikely to contribute to pathogenicity. The enteropathogenicity of non-O1, non-O139 Vibrio cholerae as well as V. mimicus is multifactorial, and the presence of a single factor should not be considered as the cause of pathogenicity (Ramamurthy et al. 1993) . Hydrophobicity plays an important role in the adherence of bacteria to various surfaces (Smyth et al. 1978; Magnusson et al. 1980 ) and this adhesive property of Vibrio spp. in turn is a key factor of their pathogenicity (Olafsen 2001) . The isolate Vibrio sp. V26 exhibited only weak adherence to HEp-2 cell lines and the pattern was diffuse. The weak adherence could be correlated with its non-hyrophobic nature (as determined by BATH and SAT assay) and also to the absence of tcpA gene. Therefore, taking into account of all the properties of the isolate Vibrio sp. V26, we concluded that the isolate was non-toxigenic with nonpathogenic features.
The molecular mass of the protease was found to be 32 kDa in close agreement with the observation of previous workers on V. cholerae (Finkelstein and Hanne, 1982; Ichinose et al., 1992 , Vaikkevicius, 2007 , V. mimicus (Chowdhury et al., 1990) as well as other Vibrios (Lee et al. 1997; Venugopal and Saramma 2006; Jellouli et al. 2009 ).
The protease from Vibrio sp. V26 recorded maximum activity as well as maximum stability at pH 9, which entailed it to be an alkaline protease. The enzyme was active over a wide range of temperature with optimal activity at 60°C unlike that of most other vibrios (Ishihara et al. 2002; Lee et al. 2002 Lee et al. , 2003b Venugopal and Saramma 2006) . Meanwhile it has high degree of stability in the range 30-50°C which qualifies it to be used under such temperature conditions for long durations. However, it was found that the alkaline protease from Vibrio sp. V26 was quite unstable when pre-incubated at its optimum temperature (60°C) for an hour. The proteases from Salinivibrio sp., V. fluvialis, and Bacillus strain SAL1 too have been found to be unstable at their optimum temperatures for action (Karbalaei-Heidari et al. 2007; Wang et al. 2007; Almas et al. 2009 ). A drop in activity of the proteases on prolonged exposure to temperatures above 50°C has been reported among vibrios (Lee et al. 2002 (Lee et al. , 2003b . Even alkaline protease used in commercial detergents tends to get inactivated on extended exposures to temperature of 60°C or more. At 1 mM concentration, the effect of ions such as Ba 2? and Ca 2? were not significantly different from the control indicating practically no effect of these ions on the protease. The inhibitory potential of Zn 2?
was more prominent at higher concentration which indicated that it was most likely a zinc metallo protease (Larsen and Auld 1991) . Enzyme inhibition studies primarily give an insight into the nature of the Fig. 7 Comparison of viable cell yield obtained by applying APV26 and Trypsin Cytotechnology (2013) 65:199-212 209 enzyme, its cofactor requirements and the nature of the active centre (Sigma and Moser 1975) . In the present study, the protease was completely inhibited by 1, 10 phenanthroline (5 mM), the zinc specific chelator, and up to 53 % by EDTA (5 mM) by which the enzyme was classified as alkaline metalloprotease. Neither the ammonium sulphate fraction nor the purified alkaline protease from Vibrio sp. V26 displayed hemagglutination property in contrary to the observations made by Benitez et al. (2001) in V. cholerae and V. mimicus. The alkaline protease (APV26) produced by Vibrio sp. V26 has been found useful in animal cell culture especially for subculturing (HEp-2, HeLa and RTG-2) and dissociation of cells from tissues (chick embryo). The time required for the action of APV26 was found to be concentration dependent. The mechanism by which APV26, a metalloprotease, brings about detachment is likely to be different from that of trypsin which is a serine protease.
On considering the duration of exposure of cell lines to proteolytic enzymes, APV26 required less time (2.6 min for HeLa and 1.09 min for HEp-2) to dislodge cells compared to trypsin (11.0 min and 6.28 for HeLa and HEp-2, respectively) except in the case of RTG-2. In the case of RTG-2, though APV26 took a slightly longer time (1.36 min) than trypsin (0.71) it was less toxic in terms of cell viability. The average viable cell yield (%) of APV26 was 94, 96 and 100 for HeLa, HEp-2 and RTG-2 cell lines, respectively, with an overall average viable yield of 96.7 %, slightly higher than that of trypsin (93.7 %). Whereas the TrypLE TM Express, a high purity recombinant fungal enzyme with cell dissociating property was found to have cell viability of 95 % (Nestler et al. 2004 ). The time taken by APV26 for the dissociation of chick embryo for developing primary cell culture was the same as by trypsin. However, the yield of viable cells was 25 % greater than that of the standard trypsin treatment. The dispersed chick fibroblast cells when seeded into fresh culture bottles, were found to be capable of attaching and multiplying.
Reports on similar grounds are available. The ability of alkaline protease from Conidiobolus (Chiplonkar et al. 1985) and Pronase (mixture of proteinases) from Streptomyces griseus (Foley and Aftonomos 1970) to dislodge cell lines have been compared to trypsin and found as possible substitutes for trypsin in animal cell culture. Dispase from Bacillus polymyxa (Kitano and Okada 1983) and Collagenase from Clostridium histolyticum are some of the other microbial proteases that have been put to various cell culture applications. APV26 is the first reported alkaline metalloprotease from Vibrio sp. useful in animal cell culture.
To arrest the activity of trypsin, media containing metal ions such as calcium and magnesium and serum are used. As APV26 was not inhibited by the above, simple washing with the growth medium would be sufficient to arrest its activity. Moreover trypsin acts only over a narrow pH range (7.2-7.4) while APV26 has broader pH range (6-9) facilitating it to act in cell culture media with pH, ranging from 6 to 7.5. The alkaline protease used in this study retains activity and stability over wide range of temperatures; even in this regard too it has an advantage over trypsin, which is highly temperature sensitive. Having all these facts in the background, we conclude that the alkaline metalloprotease from Vibrio sp. V26 has great potential in animal cell culture as a tissue dissociating and cell dislodging agent.
